Introduction
In the Spallation Neutron Source (SNS) storage ring, the machine cycle is dominated by the multiturn injection. Therefore, the beam loading issues are quite different fiom the conventional beam loading. The evolution of the particle distribution due to beam loading needs attentions. If not corrected, the beam loading effect will lead to a bunch to bucket mismatch in the injection, causing bunch leakage into the interbunch gap. The bunch leakage will increase the extraction beam loss, and lower the s p instability threshold On the other hand, the control of bunch leakage necessitates the beam loading factor to be small. Therefore, beam stabilities associated with the beam loading automatically satisfied. In this article, the simulation of the SNS beam loading effect (together with the space charge effect) will be presented. Same method has been applied to the PSR, where some beam loading effect is shown.
Beam Loading
For multitum injection at the SNS, the beam intensity increases gradually within a period of 1,200 turns of injection, each turn takes 841 m. The loaded RF cavity, therefore, sees a bunch irain w i t h a fixed revolution frequency and a constantly increasing intensity during the injection.
represented as,
The impedance of the loaded cavity can be
where s is the Laplace factor, R is the resistance of the loaded cavity, ferrite and generator in parallel, w R is the resonant fiequency, which equals to the revolution fiequency w, at the SNS. The time constant z of the cavity voltage response, with respect to the incoming bunch train, is determined by the cavity half bandwidth as 1 r = - For the particle longitudinal motion, the following equations are used in the simulation, For each turn of injection, the space charge voltage is calculated using the beam line density I, as PI,
The SNS RF system and its feedback are currently under study [2] . The purpose of this article is to look at the beam loading induced bunch leakage. 
Results
In the first set of simulations, a fixed RF voltage of 40 KV (20 KV for 2nd harmonic) is used. Cavity detuning angle is set to zero, and the effective resistance of the loaded cavity is 4000, 200C2, and 1000. Resulted particle distriiutions and the associated beam line densities at the end of injection are shown in Fig.2a, 2b , and 2c, respectively. 
Fig.2. SNS Beam Loading Eflect with VW = 40KI
Because of the beam loading induced phase. ,,ifi of the effective RF voltage, the lefi end of the bunch length is 0.87s, 0.78~, and 0.74~, for the cases a, b, and c, whereas the other end is the same as the injected beam, 0.67~. We also note that all beam momentum spread in the end of injection is about 0.70%.
One way to limit the bunch leakage is to use the RF voltage rampmg during the injection. For instance, to linearly increase the h=l cavity voltage *om 20 KV at the start to 40 KV at the end of injection. In this way, the beam momentum spread in ring, defined during the multiturn injection, can be lowered. Hence, the longitudinal space charge induced bunch lengthening can be reduced.
In Fig.3a, 3b , and 3c, the counterparts to the cases shown in Fig2 are shown, with the RF voltage ramping fiom 20 KV to 40 KV (2nd harmonic RF voltage as half of that voltage). The left end of the bunch length is 0.86w, 0 . 7 3~~ and 0.68s, for the cases 3% 3b, and 3c, respectively. Meanwhile, all the beam momentum spread at the end of injection is about 0.63%. 220 XHz at the end of the injection. On the other hand, the cavity detuning could be preset to partially compensate the beam loading effect. In Fig.4 , an example with a preset cavity detuning 20 degree fiom the case 3a are shown. Improvements can be observed. However, the irregular bunch shape, especially the shifting of the bunch mass center during the rnultitum injection would make the feedback very difficult.
3. The mismatch of injected beam to the feedback regulated bucket will likely cause particle spread in longitudinal space. Barrier cavities with relatively small power may help to stop these particles to get into the gap. 4. Same simulation method has been applied to the PSR [3] , and it is shown that for R = 12022 per Mg, without cavity detunmg, the beam loading caused bunch leakage is larger than the space charge effect. This is shown in Fig5 The longitudinal space charge impedance of PSR is similar to that of SNS. The beam intensity is N = 3 x however, the bunch is only 250 ns, vs. 550 ns of SNS. Thus, the space charge voltage is comparable with the SNS. On the other hand, the RF voltage there is fiom 6 KVto 10 KV. 
